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The Springs Task Kasures tfce at:iTity^tc ccuduct 
controlled expetlients# naee Tariable£# and criticise variables vhich 
are deponstrated to the subject. It provides an operaticnel, 
definiti^on of formal thought* Sab jeciiE aged . ten to edolt can be 
teet#d vitb 'this instrument # an appar atus-tesed tesk ■dsitietered 
indiflduallr in a 1&*einute intervien* This aippendlx glvee details 
for constrtx:tlng the apparatus* adeinistering the in^erlricii# and 
scoring. The apparratas consists of eiglit springs eat(<ndad , frca^ a 
vocden frsae# six fishing weights* 10 cop hecks* and 2 need en 
cylindete* The task yields both pass/fail and (clnts eerQed scares on 
naeinq variables and on conduj::tin9 and criticising exfexieenti^* Test 
feliaMlity* validity* and cerrelaticrc «ith Piagetian logic are 
discussed in a separate journal article* lluther/CP) 
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This pappi* Is the appendix to an article originally appearing In 
the Journal 4f Educational Measurement , Vol. 16', Mo. 1. for 
Spring 1979: [ ~ 



A fl8A9ur« of Scientific Reasoning: The Springs J^^k 
(OetfliU for Construction^ Adml n i n t rati on * ond 'Scoring) 

'As described In linn and Rice (Journal of Educational t^a^urement) « the 
Springs Task measures ability to criticize and control expert ments ^ namfr-. 
variables/ dod analyze results. This appendix gives details for construction 
of the appAratus^ administration of the interview^ and. scoring. 



Con<tructlon of the Apparatus 

As shown In Figure 1^ the apparatus consists oj a wooden frame^ 8v springs^ 
2 stinkyst 6 fishing weights* 10 cup hooks ^ and 2 woodJten cylinders. 

To construct the w/ooden frame .four pieces'jof 1*' x 2** strlpa^of wood are 
nailed together to foi'm a rectanglfe 14'* hlgjjrby 18** long. *A piece of oak tag 
is tacked to the outer edge* to form a backdrop for the apparatus. El'ghtismall 
cup hooks are screvqie<iri nto the urvderside of the top piece of wood to hold the 
sprifigs. A 3** piec^ of 1** x 2** strip with two cup hooks is atticiied to the top 
left side of the frame with a hln<^. 

The. Weights . Six flat fishing weights^ two each of 2 oz.* *l oz,^ and 8 oz.^ 
are needed for'questions J through 4. For question 5^ twb wooden cV 1 i nders 1** 
in diameter by 2** high are needed. Both cylinders have, eye hooks Screwed into 
the top ^so that they. may be hung from a spring. Oqe cylinder is painted orange. « 
The other cylinder is drilled'out in the center and a small piftce of lead is 
.inserted in the hole to^mSke it heavier while keepi ng ■ 1 1 * the sarpe size as the 
ftrst cylinder. Th^wdighted cylinder' is l^ainted bl le. 

The Sprl ngs . Springs can be custom made by any sprrngmaker as de&cribed in 
T^bie T. The top of the spring is finished with 'a closed loop to hang from the 
cup hook. (Th^ bottom has *an open loop to hang weights from. For Question 5» . 
a regular SlTnky and a Junior" Slinky are used. The sllnkys^are cut sb they are 
li** hkngtng Jjength/ ^ \ , ' ^ * 

* ^ Interview Procedure 

. The djuestions to be askedlare gi^ven in Figure 2, A detai ted description 
of the interview procedure for-lows. in order to u^e the interviev/ successfully* 
an interviewer will need to (ry the procedure with 2 to 5 pi lot subjects In 
general « the int^trvlewer wi M Vead alt questions on' the protocol jnd record^each 
response. .Of course* the 'inteT^vieweK must ntot supply^ information!' Whenever a 
respbnse Is unclear^ the JnteTyjewer wilt choose approp^rrate pfobws froin the lift, 
given after the. ques tl on. It -is important for the interviewer tc^be ifamiliar 
with the scoring standards in ordej to be sure to^ probe responses'*whli:h cannot 
be scored, ^ . * - . r ^ ^ . , - 

First* the interviewer hangs the springs on the hoc^s ^nd pi aces ^ the weights 
> on 'the wood s^trip below them. Then the '*apparatus is arranged so, that the^suDjtct 
and interviewer can manipulate jt easily.. Both should face the frame* jntervieweX 
positioned so responses can be recorded wtth outside hand. The apparatus re* 
qui'rdd for each question Is given bn the protocol in Figure ^ and summarized In 
Table 2. ^ ; . / . ' - ^ ^ 



Qu^n 1 1 on I . Ht»ko tlic *iul))<^ct ai ni\'.\c *tficl ^rratj lUr- ^tiitcineiU wllfi Question 1, 
Mo?it sub jpctn ■ wl 1 1 %t»irt to hiuwj welrjht'i on r^itrlntjs iind ohst^rvo th« rfisult:^. 
the* subject <Joo5 not niirrw? somr* vorloblos <Ht<*r a fow minutes, IntcrvJowcr t:on 
cisk , *'Whiit things Hcnm to n*i»k<' n di f foroncc?*' K*;cord any t doos* subject UaM, 
subject mentions ni/o of riprint) It Is n<*Cfis:»iiry to probt* to sec if longth or 
dlomcti^r is nieont (c.(j*, *'^^y t **^hf>w m<^ a smdll sprin<j and large sprlr^fj^)* 
Subject^j usually phroso v^irl^ihW^s in tlic form "how thick It how Ioikj It h 
etc, or "ff it i thick, if it is -a^onyJ' 



If 
I f 



Ques t ion 2 A . Most bubjects will inclucli^ weiqht in their Itst of variables. 
In nnyi Ctise , th<,^ expe ri iTK.*nt ttiey do, not liow Lhry on^iwei the questions lb most 
important* "After reading the first inirt of 2A, circle Yes or Ho*. Then osk , 
'|Do an experiment to find out whether weight mokes a difference/' Circle the 
springs and weiglits the bubject uses* For cKomple, if on 8 oz. weight Is ploced 
on spring 3 ond o k o2. weight on spring 2, the experiment is recorded as shown 
below. S 



SPR. 



1 2(])t^ 5 6 7 8^ 
103 ^ 5 6 7.8 



WIS 



2 ir0r 

208 



After recording the eKperiment ask the subject, "Why did you do, the e?(peri' 
rftent that way?" If subject does not reply or says, "To show that weight makes 
a di f ference ," use Probe 1* 



The only controlled experiment possible, for question 2A .uses one spring and ■ 
two different "weights. Many subjects search for two springs that appear to be 
the same and nay verbalize thi^ as they pull on the springs trying to find two 
of comparable springiness. If the subject does^this and states that no two are 
alike, intersAiewer may recognize the dilemma and ask» 'Tf that is so» what can 
you .do about it?" This helps some subjects to realize that they will have to 
put two dflfferent weights on the same spring, but J t does not. give them ^ny 
information or indicate that the interviewer agrees with the finding/ ' 

I f{ the subject does a cont^rolled experiment but cart't seem to giye a reason'. 
^ for Tt , us^ Probe 1 todirect his/her attention to the choice of springs and * ^ 
we I ghts * " t , , ' - . ^ 

' If the subject does an uncont rol l^d exper i ment » use Probe 2 or 3.- If the 
subject says "Yes" to Ptobe 2 or "Weights make a dl fference" to then ^he 
interviewer sho'ud go on to question ,2B*- If the subject says,*'No" to Probe 2 
or "Springs and weights matter" to Probe 3> tHen ask Probe ^» Record any new 
e?(periment and ask Probe 5, "is it'better to -use one spring twice than two . 
springs once?" After sub>ct says "Yes** or "Mo" a^k "i*)y?" 

Question 2B . *Ci:rcle subject's response of "Yes" or "No>" then ask "Why?" ' 
Many subjects need to do the experiment before they caft anbwer the question. 
While this is unnecessary and often indicates the subject is focusing on the 
results of the experiment rather than the procedure^ subject may be allowed to 
carry, out* the experiment before answering the question. An alternaVe procedures- 
is for the interviewer to han9 the weights on the spring and al Tow^ subject to '[^/ 
Qbserve the^^resul ts » ' , - " 1 

Question 3A > This question may be handled irt the^ame way as 2A» A . control led ■ 
experiment uses the sam6 weight and either springs 1 and 2 or 7 and 8. If 



subject dQ«s «n uncontrolled eKporlnwnt and answers **No** to iprobos sucTi as 
"Does It matter that one bprlng Is long and one l^s shurt7**\jo on to Question 3B* 
Holhsver*. If subject * ropl Us ''Vos** to two such.prpboa, ask » **ls there another way 
to><^o the experiment? How, would you do^ It7" Tlicn allow subject to^ do a new 
eKperlif>cnt ^ind ask, 'Ms this bettor woy to tost for fatness? Why?** 

Question It Is handled as 2B. 

Question **A . This question may be handled tn the same way as 2A< A con- 
trolled experiment usef the same weight and either springs 2 and 3 or 5 and 7- 
I'f sub ject 'does an uncontrolled experiment and answers **No** to probes such as 
*U>ocs It matter that one spring Js long and one Is short?**# go on to Question 
3B. However^ If subject replies **Yes** to such prolJes^Vask **ls there a better 
way to do the experiment? Mow would you do It?*' Then allow subject to do a' 
new experiment and. ask **Why Is that bq|tter?** 

bluest Ion (t ^s handled as 2B. ' 

Question S . - Remove short fat springs and tell subject, ''Remember that in this 
question you are an observer and will watch >/hat happens In 'the experiment,'* 
Then read question 5 as you hang up' the sllnkVs. Hang the blue weight on the 
smalJ slinky and the orange weight on the largje slinky as you say, **Erin dc- " . 
elded to hang these two wooden weightfi from the springs/ Watch what happened." 
Read A. I f subject reaches for the wooden wei ghts before answering A ask, **Why 
do you want to touch them?** Many subjects then reply, **To see If they are the 
same*** Interviewer can then" ask, **Would It. matter if they weren*t?'* and record 
the Answer.* The rest of question 5 is straightforward* Continue to ask^ques- 
tions until subject recognizes that the weights may not be the sarite. It is 
important to record when th^ subject realized th^t. the weights could be unequal. 

Scoring Responses ' 
Question 1 > The score Is equal to the number of different Var I ab les^ named. 
Question 2A > . ^ » - . 

\ poi nts : ^Subject does a controlled experiment and justifies by^ saying* **One 
spring might be strqngeV/* **You have t<i use the same spring to 
show weight makes ^a difference/* * 'To make' it fair/* "No two springs 
are the same/* **Everything has to be equal except the weight^** 

3 points: Subject does a controlled experlme^nt and gives same answer^ as above 
X only after, a probe such as **ls it OK to use dl f fe rent- spri ngs?** or 

"Why only one spring?'* Subject does a controlled experiment and says 

*M u^sed different weights and the same spring/* 

2 poTnts; Subject does a controlled experiment but repeats questions or focuses 
j^on weights in justification:. **To see^tch weight stretches it most# 

^ ^ ; **t used biggest and smallest weight/* **lt was a stretchy^sprlng*** 

, ,\ ■ * 

* 2 pointsr Subject ""does an uncontrol led experiment (uses two sprinj|s) but^ 

says the ^springs were simitar* then does. a control l^d exp^i men t ' 
in'response to- Probe A, and. j ust 1 f 1 es It by recognizing that jk^ 
^ ^ two springs are the same in response to Probe 5# 



1 point: Subject mm 2 spring) but Justifies the cxperlmc^nt by taylng, 
**The sprlnO^ have the ^Amo sprlnglnusi** or (*Tho iprlngi are af' 
most the 3dnte."' Subject docs a controlled experiment J n response 
to Probe ** but can't an^wcrr Probfe 3, or says 2 springs are Just 
as good, 

Wro»i9, Subject uses one trial and says, **| don't icnow>*' or 
doesn't do an expc r I mr^i t , ^ , . 



0 points ; 

(Question 2B 
3 pol nts ; 

2 pol nts ; 

1 point: 
0 points: 



"^*Ves, because he used the somcr- spring and different weights^*' 
*'Vcs, no two springs are thr same,*' 

**yes > same spr i ng*** 

"yes> used different weights,*' 

'*No; weights are close in size," 



Quest I on 3A * For this question very few subjects choose springs 7 ^nd 8> 
a few more choose 1 and 2» but quKte a few choose *i"and 7 whtcli are con- 
trol fed for everything except length. 



h points 



3 points: 



Subject uses controlled experlmeht (uses same weight on springs 
7 and 8) and Justifies by ^aylng» "Everything Is equal except 
for the fatness," "Same weights and same kind of sprln^>" 

"Springs have to be the sarnie material to make It fair," 

* ■ ■ ,rf 

Subject chooses similar springs (e,g., I and 2» ^ and 7) ^nd 
same wei ghts ^and Justifies by saying, "Same weights and springs 
looked tike same mate ri at ."The springs are the same Jength 
(used I and 2) and the we i^ fpj s are the same," Subject does 

ffenti 



controlled experiment but 
(not and) springs. 



sntlons only sameness, of weights ^r 



2 points; 



I t>oi*nt: 



Subject chooses similar springs and same weights. but mentions 
only weights or similarity of springs: **The thickness, of the ^ 
w\re, is the same" (for I and i) , "The weights are the same >" or 
"One spring js fat and one Is thin," Subject does an uncontrolled 
experi ment but . i n' response, to Probe does a controlle'd experiment 
and Justifies It proparly in answer to Probe 5* V 

Subject chooses a Jess sui^table pair of sprl ngs (e,g, » 2 and 6), 
and may show an awareness of the need to contirol variables by 
saying^ "Weights are the same," "Springs are of the same material. 
Sal)Ject does a controlled experiment In response to Probr ^, but 
: says "No" to Probe 5» " * > - \ ' 

0 points: Wrong* One trials no response, ^ * . ^ 
ftoestioti 36 > 

2 points: "No, -one spring Is longer," " 

1 point: "Ves^ same 'wel ghts" or "Ves, springs are I>rass," 
f) potnts: "Yes," "Look* good, '"etc, - * 



k pot n(9 : Subject 'uses controlled experlmant (uses same weight pn springs 
2 and 3 or 5 and 7) &nd Justifies by &ay1ngt "Everything Is equal 

' except for the materlarl." "Same weights and same kind of spring," 

"Springs hAve to be the same to make It fair," 

3 points; As for k points but 'gives Justification after probe. 



2 p61nts: 



1 point 



Subject chooses simitar sprtr^s and same weights but mentions 
only weights or similarity of springs, "The weights.ar^ the * 
same," or "One spring Is bVass^ and one Is steet *" Subject does 
an uncontrbtlcd experiment but In response to Probe 2 does a con* 
t rol led experiment and' J ustt f i es It propert y 1 n response to Probe 3 • 

Subject chooses ^ dissimilar pair of spr 1 ngs and rpay show an 
awareness of the need tp Contr'ol variables by saying, "Wttlghts are 
the same," Subject doos a controlled experiment in response .to 
Probe 4, but says "No** ta Probe 5: * 



0 points: Wrong, One trial, no response, ^ 
Question ^ 

3 points: "No, one spri^^ is longer and has a thicker coll," 

2 points; "No one is longer/' or "No, one has a thicker coll," 

t point! "Yes, same weights" or YeS| different material*** 

0 points: **Yes**, **Looks good", etc. 



' Question 5 ,* ^ ^ 

H points ; **No because y^u don*t know If thVwel-ghts >lre the same*** Subject 
reaches to touch weights* tntervfew*r asks, *Vhy do you. want to 
touch them?** Subject: ***To see If they're the same,** Interviewer: 
**Boes it matter?" Subject; *'y«s , I f they're not the same you 
don*l'khow,** ' / 

3 polj>t5; Subject says "Yes" to A and now says,' "No, maybe weights are not 
the same,*' or *'No, maybe one^ weight Is heavier,** 

2 points: Subject says **Ye5** to A and B and now says **Ye5, do thes* wooden 
things weigh the same?*^ or **Yes, are these the same. size?" 

1 point: **No, the blue Is probably heavier," 

0 points: Subject's responses to A, B, C« D are "Yes* Yes, No* Yes,^ 

Composite. Scores * Thcabove scores can be combined to get a Variable** 
Control Hng, Crl tl ci zrfrg-, an* Analysis score,. The VariablV^ score iff the; 
score on question t. The Controlling score is the ium of the scores on 
questions 2A, 3A, and An alternative ts to count the^ifiJiibttr of scoVes 

-of 3 or above on these Items* ^The Criticizing fcore Is the sum -of .scores 
on 28# 3B[, '*B, An alternative form of this ^core Is to count the number 
of scores of 2 or eboye on these items* The Afialysts score is the score 
on question 5» v 



TABLE 2 

DESCRIPTION or SPRINGS APPARATUS 



NUMBER 



HETAL 



THICKNESS 
OF WIRE 



- FATNESS. 
OF SPRING 



LENOTJf 



I 
2 
3 

5 
6 
7 
■ 8 



Que^t Ions I , 2, 3» U 



steel 
steel 
brass 
brass 
steel 
steel 
'brass 
br^ss- 



thin. 

thin 

thlii 

thick 

thick 

thin 

thick 

thick 



(weights: 6 metal flat fish weights) 



thin 
fat 
fat ' 

thin 
tbln 
thin 
fat 



^ long 
long 
l^ng 
long 
short 
short' 
short 
short 



Regular 
s 1 inky 

Jun tor 
s 1 loky 



steel 



iteel 



Quest Ion 5 



thick 



thick 



fat 



thin 



li Inches- 
hanging 

iij incfhes 
haqg Ing 



(fights: metal cyl Ind^rs 'that look the same^ but weigh differently) 



FIGURE 2 ' 
SPRINGS QUESTIONS AND RESPONSE SHEET 



# Var 



SPRINGS 



D 

C 



2-3 4 ^ 



Materials : 

stand 

8 springs 

2 sllnkys 

6 flat fishing weights 
2 wooden weights 



Nartie 

Sex: M F 

r 

Schoo I 



Age 



Grade_ 



Experimenter 



Date 



IMPORTANT NOTE: If subject's response Is unclear or Incomplete use Ortc or more 
^ probes, 

1* (Hang. 8 springs on the apparatus. Set fishing weights out tn front of siibject,) 
Here t ^ave some springs, I can han3 .these welgfits from them- Experiment with 
them and tell me what might make a difference In hoyi far- they expand,, p 



2A. NoWt do you think the amount of weight makes a difference In how far the^ spring 
wltl%ex|^nd7 Yes No . , f 

' D6 isn experimeat to^ffnd out whether weight makes a difference: 



2 ft 8 



SP 



WT: 



2 4 a 



1 2 3 • it 5 6 7 V8 
123^|'5678 
Why did you do the experiment this way? 

Probes: ' ^ - ^ -t^ 

1. Why did you bse this Spring and these weights? ^ 

2, ts It 0,K, to use different springs to see If weight makes a difference? 

"does'your experiment show? 



4, Could you find out about weight by us^ng one spring twice? Yes Ho 
How would you do i]t? 



11 



5. Is It better to use 1 sprinq twice thnn to U5c 2 springs once? YflS Ho 
Why? ■ , * 



2B, -Someone else wnntcd to pr^ve that weight makes ^ dl ffcrfinco. He tried spring 
#6, once with wt. 2 one* once with wt. ^* Is thls^ o good way to prove weight 
mokes a difference? Vfrs No Why? . , ^ 



3A. Do you think the fatness of the spring nuikcs a difference In how far It expands) 
Yes No ' ^ 

Do an experiment to find out whether fatness makes a difference: 

123 5^78 . 2*»8 

SP: WT: " 

1 2 3 <; 6 7 8 2 8 ' * 

Probes: * - 

K Why did yon use these springs and these weights? / 

2. Does It matter that this one !s long and th^at one is short? (silver/bronze*;' 
thfck/thin; etc.)? ' 

Would lighter/heavier weights be just as good? 

Is there another way to. do the experiment? How wouTd you do it? ^ 
5;^ Is this a better way to show if fatness makes: a .d i f ference* Yes No Why?^ 

3B* Someone else wanted -to find out whether fatness makes a difference In how far 
* ,Jdown the spring stretches. He tried springs, U and 7 (Wt^ - I^ this a good 
- expe r iment? Yes No Why? 



^A. Now do you think the material the spring-Is made makes a <^ifference In how 
far the' spring will expand? Yej, No - ' " 

Do an experirrw^nt to find out whether material makes a^d i f ference': 



SP 



WT: 



I 2 3 5 6 7 8'^ 
12 3^ 5 6 7 8 
Probes: 

K Why did you use these springs and these weights? 



2 U 8 
2 8 



2. Does it'mafter that this One Is long and that one Is short? (Circle one) 
(thick/thin; fat/skinny; heavy/1 ight)? Yes Ho Why? 



' 12 



3* If th«r# B bfttler w^y tn <1o thti f*Kp«>rlm4»nt7 Yd No How would you do 
It7 



Why if tliAt hftttur? 



^1* Somon« wAnt«d to Find out wh«9th<«r m^tf^rUi m4k«i a dirf«r«nc«. He tried 

. springs *♦ flod ^ {Wt . i)'?) . It thll .1 qood *»np«rlm*nt7 Yoi No Why? 



5A. 



(H^ng two fllnkyt 00 itan<J, me wooden wclqhtf.) SuppOf« ther« w«l another 
conteit a<id for- thl^ cont<»5t Erin r/^i chooiinq between th«i€ iprlngi. B«fQrt 
th€ content, Erin decided to hAnq th«ie two wooden weights from the iprlngi 
{blue wt , on im^ll sprino). Udtch wh^t happened. 

Troffl this e)«p«rtmnt do you kncM which tpring you would choose for the cohtelt? 

Yfi Mo 8iq Small Why? 



SB. Dq you h4v« f«noii<}h Information to d«cld« which spring to choose? Yes No 
Why? 

SC. Would you hav« any questions to ask Erin? Yes No What? 



5D. Oo you think these wooden things weigh the same? Yes No 



13 



